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Charleston SC 29414-5334 
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The Vigna Crop Advisory Committee to the USDA National Plant 
Germplasm System has identified cowpea curculio resistance as a 
top priority evaluation need. Higher levels of resistance to 
cowpea curculio than currently available are needed to enhance 
control and decrease the use of extremely high quantities of 
toxic insecticides. 
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MATERIALS AND METHODS 


Germplasm evaluated 


Germplasm accessions previously shown to be of value for insect 
resistance, disease resistance, or attributes of special interest 
were screened for resistance to cowpea curculio, Chalcodermus 
aeneus and pod bugs (southern green stink bug, Nezara viridula, 
and leaffooted bug, Leptoglossus phyllopus) in field plots in 
southeastern Alabama where natural populations of these insects 
are abundant. Based on knowledge of prior performance, we 
screened 300 accessions from the following sources: 79 breeding 
lines from the IITA advanced trials; 100 accessions being 
evaluated and increased by UC Riverside, USA, prior to being 
assigned a PI number in the National Germplasm System; 101 plant 
introductions previously reported to have resistance to cowpea 
curculio, or other insects or diseases, and 20 check lines (Table 
1.) with known resistance or susceptibility to cowpea curculio, 
pod bugs, or cowpea weevil. Entries were grown in0.9 x 4.5m 
plots in a randomized block design with 3 replications. Plots 
were planted in mid June to synchronize pod development with the 
natural cowpea curculio population. No insecticide was applied. 


Data collected 


An assessment of pod bug damage to immature pods was made by 
counting the number of shriveled and sound pods in the central 
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0.6 meter section of the plot. Seed damage by pod bugs was 
assessed on dry seed samples after harvest. When most of the 
pods in a plot were dry, a sample of approximately 100 dry pods 
per plot was taken to provide insect damage data. Curculio 
larvae were collected as they emerged from these samples, oven 
dried, and weighed to determine average larval weights. 


Cowpea curculio damage data were collected from two sub samples. 
One consisted of 25 pods taken at random from the plot sample of 
dry pods and the other a selected sample of 10 curculio punctured 
pods taken to determine the genotypic effect on overall larval 
survival. Data collected from the 25 pod sample were: number of 
larval exit holes in pod wall, average pod length and pod weight. 
Data collected from the 10 pod sample were: numbers of pod 
punctures, seed damaged by curculios and pod bugs, sound seed, 
exit holes made by curculio larvae leaving the pod to pupate, and 
the force required to puncture dry pods using a 1 mm diameter 
probe on an Instron test machine with a 500 kg load cell. 


RESULTS 


Results were obtained from 288 of the 300 entries in the 
evaluation, see Table 2. 


Cowpea curculio resistance 


Larval exit hole data is commonly used as a measure of over- 
all curculio resistance, regardless of the nature of the 
resistance. A low number of exit holes per pod indicates that 
either few eggs were deposited in the seed or a low number of 
curculios survived, for whatever reason, to exit from the pod to 
pupate. Approximately 60% of the germplasm entries were 
distributed in almost equal frequencies in class intervals from 6 
to 12 exit holes per 25 pods with some 48 of the 288 entries 
falling into the most frequent class, 8 exit holes. Known 
curculio resistant lines had 7.7 or less exit holes per 25 pods. 
Among six check lines with known curculio resistance, AU 85—-CCR- 
20 ranked in the top 1%, Freezegreen ranked in the top 8%, CR-18- 
13-1 and CR-22-2-21 ranked in the top 20% of the entries with 
270 45>, 0. 7, and, /.0 larval exit holes per 25 pods, 
respectively. Only one entry, PI 218122 had less exit holes than 
AU 85-CCR-20 with 1.4 per 25 pods. The most susceptible entry 
had 46 holes per 25 pod sample. Approximately 72% of the entries 
sustained more curculio damage than the best of the resistant 
check lines. Of the eight lines with reported pod resistance to 
cowpea weevil (92.3 to 99.9% larval mortality) four ranked in the 
27% having the fewest exit holes. 


Similar data were obtained for larval exit holes on the 10- 
pod selected samples . These data would give some general 
indication of antibiosis and would tend to discount preference 
since only damaged pods were included in this sample. A higher 
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number of exit holes per pod was apparent in the data from the 
10-pod selected sample as compared to the 25-pod sample (0.6 
compared to 0.3 for the most frequent class in the distribution) 
Since all pods in the 10-pod sample had been punctured by adult 
curculios there was a higher probability of larvae being in the 
pod and surviving to exit the pod than in the 25-pod sample in 
which some pods were not damaged by adults, by chance. The 
distributions are similar for both sets of data. Among the 
entries ranked in the top 10 for larval exit holes, five entries 
were in the top 10 in the 25-pod sample as well as in the 10-pod 
sample. These were Charodi, PI 218122, Vita-5, Bambey-5, and 
TVu-3046. Our most resistant check, AU85CCR-20, ranked second in 
the 25-pod sample and 14th in the 10-pod sample. Among the 
entries ranked in the bottom 10 (those with the highest number of 
exit holes), IT86D-792 was the only one ranking this low in both 
the 25-pod sample and the 10-pod sample. It ranked second from 
the bottom with 40 exit holes in the 25-pod sample and third from 
the bottom with 25 exit holes in the 10-pod sample. 


The average number of punctures per pod gives an indication 
of the extent of antixenosis or non-preference. Entries with 
extremely low numbers of pod punctures are either not attractive 
or repellent to curculio for feeding or oviposition. Slightly 
more than 75% of the entries sustained pod punctures distributed 
between three and seven per pod. Five entries, the most 
resistant based on antixenosis, had only one puncture per pod. 
Twelve entries had 11 or more punctures/pod, showing the highest 
preference, or the most susceptible. 


Few entries expressed antibiosis as reflected in average 
weights of larvae recovered as they exited pods to pupate. 
Average larval weight for more than 85% of the entries was above 
7 mg, the most frequent class being 7.5mg. when comparing the 
rankings for larval weight and larval mortality there does not 
appear to be a relationship between the two, with one exception. 
PI 189378 is among those lines with low larval weight and high 
mortality (29.2%). Only 11 lines (3.8% of the entries) had 
greater than 25% mortality. The highest mortality was 35% in two 
lines, PI 165493 and IT 82E-32. 


Among the lines ranking in the curculio resistant group 
which had very low numbers of exit holes per pod puncture were PI 
175959, Bambey-5, N'Diambour, 83S-899, PI 255815, UCR 202, AU85- 
CCR-20, UCR 200, UCR 191, and Freezegreen. In most cases lines 
showing low numbers of exit holes per pod puncture resulted from 
the adults' repeated attempts to feed and/or oviposit, resulting 
in large numbers of pod punctures, but with limited successful 
oviposition or larval survival. 


Pod strength contributes to pod-factor resistance. Pod 
strength of entries in this evaluation ranged from a high of 0.47 
kg to a low of 0.07 kg. Our resistant check, Freezegreen, known 
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to have pod-factor resistance was in the upper 33% of the entries 
with pod strength of 0.28 kg. The known susceptible, California 
Blackeye No. 5 had a pod strength of 0.19. The three entries 
with the highest pod strength were PI 293467, PI 293468, and PI 
293514, measuring 0.47, 0.46, and 0.46 kg, respectively. These 
entries were derived from either of two heirloom varieties known 
to be resistant to cowpea curculio: Brabham and Groit. 


Approximately 77% of the entries sustained from 20 to 40% 
seed damage from curculio. IT82-D 713, BBR 42 (UCR 194), and MN 
150 had the lowest percent seed 0.03, 0.04, and 0.06, 
respectively. Other entries which had losses of less than 10% 
were (ranked in order): PI 189374, TVu 3046, BBR 23 (UCR 189), 
24-1A (UCR 200), CPI 30783, PI 218122, PI 353074, UCR 240 (754), 
AND AU 85 CCR-20. The entries sustaining the most seed damage 
(64-70%) from curculio were: Bambey-21, IT 88DM-361, IT 82E-56, 
87D784-1, and IT 82E-41. 


Pod bug resistance 


Resistance to pod bugs was evaluated, in part, from percent 
sound pods in the field. Pod bug resistant check lines produced 
approximately 90% or greater sound pods. The best southern green 
stink bug resistant check, PI 293476 produced almost 96% sound 
pods; the pod bug resistant check, TVu-1890 produced 94% sound 
pods. Three entries, PI 194207,CPI-30783, and TVu 354, ranked 
higher than the best check, producing 96, 97, and 99% sound pods, 
respectively. Among curculio resistant lines, PI's 142779, 
175959, 293468, and N'Diambour had 90% or more sound pods. High 
pod strength appears to contribute to pod bug resistance. The 
resistant check lines TVu 1890, PI 293476, and PI 293557 tested 
0.36, 0.27, 0.27, and 0.26 kg, respectively for pod strength. 


Ninety-one percent of the entries sustained 30% or less seed 
damage from pod bugs. The curculio resistant lines, GUJ-1 (UCR 
168), Bambey-5, PI 218122, TVu 3046, PI 353074, and UCR 202 were 
among those with 20% or less pod bug-damaged seeds. 


Scoring for resistance to pod insects 


Percentage sound seed is an over-all measure of performance 
in the field environment, subjected to both biotic and abiotic 
stress. About 74% of the entries produced 50-80% sound seed. 
The curculio and pod bug resistant checks were not among the 
lines having greater than eighty percent sound seed. Lines 
ranking above this level are potential sources of higher levels 
of resistance to insect pests (and perhaps abiotic stress). 


Criteria for evaluating the germplasm were used as 
components in calculating a resistance score to identify entries 
with the most resistance to cowpea curculio and pod bugs. 
Entries were listed in order from most desirable to least 
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desirable, based on the contribution to resistance to pod 
insects, for measured and calculated variables. Variables were 
Given a value of 1 or 3 points. Exit holes in 25-pod sample, 
exit holes in 10-pod sample, percentage of sound seed, and 
percentage of seed not damaged by cowpea curculio were assigned 
three points each. One point was assigned to the remaining 
variabes: exit holes per puncuture, punctures per exit hole, 
curculio damaged seed per puncture, percentage of sound pods in 
the field, Instron force, and larval weight. The top twenty-five 
entries (almost a 10% selection intensity) listed for each 
variable received the number of points assigned to each variable. 
The score for resistance to pod insects is the sum of the points 
across all variables for each of the top twenty-five entries. 
Because some entries had the same resistance score the top 
twenty-eight entries, ranging from a high score of 14 down to 6, 
can be considered to have potential for use in breeding programs 
to improve insect resistance (Table 3). 
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Table 1. Controls used in evaluation of Vigna unguiculata 
germplasm for resistance to cowpea curculio and pod bugs, 
Headland, Alabama, U.S.A., 1992. 


Variety/line Reported resistance/susceptibility 


AU85-CCR-20 Cowpea curculio resistant 
Freezegreen " n " 


CR-17-1-13 " " 
CR-18-13-1 a " " 
CR-22-2-21 2 " " 
PIG255815 fi s " 

PI 343449 — e susceptible 
Calif.Blackeye No. 5 i " y 

TARS 36 "W " u" 

IT 81D-1137 Cowpea weevil resistant 

IT 84D-449 + " W 

IT 84D-—460 " 2 " 

IT 86-472 a " " 

IT 86D-534 4 u " 

IT 86D-641 y 7 " 

PI 293476 Southern green stink bug resistant 
PI 293557 W 7 W W uw " 
PI 293570 W W W W W 
TVueLSe 90 Pod sucking bug resistant 
VYA * " susceptible 
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Table 2. Evaluation of Vigna unguiculata germplasm: resistance to 
cowpea curculio, Auburn University, Alabama, 1992-94. 


OBS 


ENTRY 


DAYSMAT 


SOUNDPOD 


AVGLARWT 


PERCDEAD 


AVGPODWT 


AVGPODLH 


AVGSEEWT 


PERSOUSE 


Key to descriptors used in Table 1. 


Observation number. 

Identification of material observed. 

Number of days from planting to harvest. 

Percentage of pods attaining early mature green stage. 


Mean weight (g) of larvae recovered from mature, dry 
pods. 


Percentage of dead larvae recovered from mature, dry 
pods 


Mean weight (g) of mature, dry pods. 
Mean pod length (cm) of mature, dry pods. 
Mean weight (g) of 100 dry seeds. 


Percentage of mature, dry seed not damaged by cowpea 


curculio or pod bugs. 


PUNCPOD 


EXHOLPOD 


HOLEPUNC 


INSTRON 


Mean adult cowpea curculio punctures per pod. 


Mean number of cowpea curculio larval exit holes per 
pod. 


Mean percentage of cowpea curculio punctures per pod 
resulting in larval exit holes. 


Mean force (g/sq mm) required to puncture dry pods 
using a 1 mm diameter probe on an Instron test machine 
with a 500 kg load cell. 
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TABLE 2. EVALUATION OF Vigna unguiculata GERMPLASM: RESISTANCE TO COWPEA CURCULIO 





Ss A P A A A P E H 

D oO V E Vv Vv Vv E 1S) x O I 

A U G R G G G R U H L N 

E Ya N L (e iP P S S N O E S 

N S Dp FAO AD. Fo Om MESO 1 hand P T 

oO Hh M P R E D D E U 1 P U R 
B R A O W A W L WwW S O oO N O 
Ss Y. uk D ab D dk H T E D D Cc N 
1 IT 86D-792 Tien 6 ome reenieme is 6 ni Gh5oni5un45e0 5% 122 50.5406 32 
2 87D-939-1 109° "95: "6,9 '90 41).49-95.280%9 55 "6 075 Gofost #41 
3  87D-829-5 OSu67Na7  Ogmz3er te G 8149S 813-919) 59,095 0.26 a. 48 
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EVALUATION OF Vigna unguiculata GERMPLASM: RESISTANCE TO COWPEA CURCULIO 
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Table 3. Highest scoreing entries for resistance to cowpea curculio and pod bugs in 
evaluation of Vigna unguiculata germplasm , Headland, Alabama, U.S.A., 1995. 


100 
seed 
Description (gq) (cm) 


BAMBEY-5 Large, speckled+thilar ring, kidney Lie 


























Pod 
length 








Score 










Seed description 






IT82D-713 Medium, browneye+bicolor, rhomboid 1320 
UCR194=BBR-42 Small, black/white bicolor, kidney LAS 


PI-115679 


TVU-3046 Small, brown, kidney wee Ie 
Small, cream, kidney il Sy eas: 
Small, black, kidney LVS 


PI=218122 bonceal Small, brown, kidney L059 
ucr200=24-1a || 5.3 _ | 


PI-145198 Small, brown, marbled, ovoid 50 
Small, cream, globose VOFa 
UCR-202 Small, brown, kidney 14.5 
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8. 
4. 
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5 
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le: 
Ws 
Sie Medium, brown hilar ring, rhomboid Aba fe 
z 11.2 
Large, brown hilar ring, kidney 16.0 
Medium, brn&white bicolor, kidney 1653 
23.6 


ET=—83S—911 Large, browneye+bicolor, kidney ARAL AS 


2 
7 
5 
3 
3 
3 
2 
7 
:) 
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a) 


AU85-CCR-20 


PI-175959 rates | Small, brown, ovoid 15.5 
| pr-293467, Small, brown, marbled, ovoid Abe) fi) 


14 
13 
Khe 
i2Z 
LZ 
12 
12 
11 
10 
10 
10 
t 
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Medium, blue, marbled, ovoid 16.8 


PI-293467 eros 

fcer-3o7aa_ | 9.6 | 

Medium, brown, marbled, ovoid 14.2 
4.7 
16.0 
10.7 
26.7 
Peicrcr MN |fites oh |Ienai i peeway eloney Oey | | Naas 
18.5 
Small, black hilar ring, kidney Lies 


UCR-240 Small, black hilar ring, kidney Nit. 
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